












7UDZOGRRUV KDYH D ODUJH LQIOXHQFH RQ WKH IXHO FRQVXPSWLRQ RI ILVKLQJ YHVVHOV 'HVLJQ DQG
RSWLPL]DWLRQ RI WUDZOGRRUV XVLQJ FRPSXWDWLRQDO PRGHOV DUH NH\ IDFWRUV LQ PLQLPL]LQJ WKH IXHO
FRQVXPSWLRQ 7KLV SDSHU SUHVHQWV DQ HIILFLHQW RSWLPL]DWLRQ DOJRULWKP IRU WKH GHVLJQ RI WUDZOGRRU
VKDSHVXVLQJFRPSXWDWLRQDOIOXLGG\QDPLFPRGHOV7KHDSSURDFKLVLWHUDWLYHDQGXVHVYDULDEOHILGHOLW\
PRGHOV DQG VSDFH PDSSLQJ 7KH DOJRULWKP LV DSSOLHG WR WKH GHVLJQ RI D PXOWLHOHPHQW WUDZOGRRU
LQYROYLQJ IRXU GHVLJQ YDULDEOHV FRQWUROOLQJ WKH DQJOHRI DWWDFN DQG WKH VODW SRVLWLRQ DQGRULHQWDWLRQ
7KHUHVXOWVGHPRQVWUDWHWKDWDVDWLVIDFWRU\GHVLJQFDQEHREWDLQHGDWDFRVWRIDIHZLWHUDWLRQVRIWKH
DOJRULWKP&RPSDUHGZLWKGLUHFW RSWLPL]DWLRQRI WKHKLJKILGHOLW\PRGHO DQG ORFDO UHVSRQVH VXUIDFH





$PDMRUSDUWRI WKHIXHORI ILVKLQJYHVVHOV LVVSHQWGXULQJ WUDZOLQJRIWHQRYHU7KHUHIRUH
WKHUH LV D JUHDW LQFHQWLYH WR UHGXFH WKH GUDJ RI WKH ILVKLQJ JHDU 7KH PDLQ SDUWV RI D ILVKLQJ JHDU
DVVHPEO\DUHWKHQHWDSDLURIWUDZOGRRUVDQGDFDEOHH[WHQGLQJIURPWKHWUDZOGRRUVWRWKHERDWDQG
WKHQHWVHH)LJD7KHUROHRIWKHWUDZOGRRUVLVWRNHHSWKHQHWRSHQGXULQJWKHWUDZOLQJRSHUDWLRQ
)LJ E 7KH WUDZOGRRUV FDQ EH UHVSRQVLEOH IRU URXJKO\  RI WKH WRWDO GUDJ RI WKH HQWLUH
DVVHPEO\ *DUQHU  +DUDOGVVRQ  -RQVVRQ HW DO  -RQVVRQ HW DO  7KHUHIRUH
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)LJXUH  $ VFKHPDWLF RI D ILVKLQJ YHVVHO ZLWK WUDZOLQJ JHDU LOOXVWUDWLQJ D WKHPDLQ SDUWV RI WKH
ILVKLQJJHDUDQGEDW\SLFDOWUDZOGRRUZLWKOHDGLQJHGJHWZRVODWV/HLIVVRQHWDO

5HFHQWO\ D GHVLJQ RSWLPL]DWLRQ DSSURDFK IRU WUDZOGRRUV XVLQJ DFFXUDWH KLJKILGHOLW\







SUHGLFWLRQJLYHQE\ WKHPRGHODVFRPSDUHG WR WKHDFWXDO FKDQJHVRI WKH WUDZOGRRUSHUIRUPDQFHPHWULFV
YHULILHG E\ WKH &)' VLPXODWLRQ 7KH DGMXVWPHQW VFKHPH LV JRYHUQHG E\ D FRQYHQWLRQDO WUXVW UHJLRQ
IUDPHZRUN
,Q WKLVSDSHUZHDFFHOHUDWH WKHGHVLJQRSWLPL]DWLRQE\XVLQJSK\VLFVEDVHGVXUURJDWHPRGHOV ,Q
SDUWLFXODU WKHFRPSXWDWLRQDOFRVW LVVKLIWHGIURP WKHDFFXUDWHKLJKILGHOLW\&)'PRGHO WRDVXLWDEO\
FRUUHFWHG ORZILGHOLW\PRGHOZKLFK LV FRQVWUXFWHG XVLQJ VSDFHPDSSLQJ DQG D FRDUVHGLVFUHWL]DWLRQ
&)' PRGHO ZLWK UHOD[HG FRQYHUJHQFH FULWHULD 6LQFH WKH ORZILGHOLW\ PRGHO LV EDVHG RQ WKH VDPH
SK\VLFV DV WKH KLJKILGHOLW\ RQH OHVV KLJKILGHOLW\ GDWD LV QHFHVVDU\ WR FRQVWUXFW WKH VXUURJDWHZKHQ





HOHPHQWV RWKHU FRPSRQHQWV RI WKH WUDZOLQJ JHDU DUH QRW FRQVLGHUHG 7KH GUDJ FRHIILFLHQW LV


























WKH HOHPHQWV DUH IL[HG 7KH RSHUDWLQJ FRQGLWLRQ GHILQHG E\ WKH VSHHG9f LV DOVR IL[HG GXULQJ WKH
RSWLPL]DWLRQ:HFDQZULWHWKHGHVLJQYDULDEOHYHFWRUDV










 DUJPLQ    
[
[ I [+ 

ZKHUH I LV WKH KLJKILGHOLW\PRGHO UHVSRQVH W\SLFDOO\ UHSUHVHQWLQJ K\GURG\QDPLF IRUFHV VXFK DV OLIW
DQGGUDJDQG+LVWKHREMHFWLYHIXQFWLRQ,QWKLVZRUNZHKDYHI[ >&OI[&GI[@7ZKHUH&OIDQG





I[ DV SRVVLEOH7R DFKLHYH WKLVZH XVH VXUURJDWHEDVHG RSWLPL]DWLRQ 6%2 4XHLSRHW DO 
)RUUHVWHU DQG .HDQH  .R]LHO (FKHYHUUD&LDXUUL DQG /HLIVVRQ  .R]LHO DQG /HLIVVRQ
 ,Q 6%2 WKH FRPSXWDWLRQDO ORDG LV VKLIWHG IURP WKH KLJKILGHOLW\PRGHO I[ WR D VXUURJDWH
PRGHOV[ZKLFKLVDFKHDSUHSUHVHQWDWLRQRIWKHKLJKILGHOLW\RQH,QWKLVZRUNWKHVXUURJDWHPRGHO
LV FRQVWUXFWHG IURP D ORZILGHOLW\ PRGHO F[ ZKLFK LV FRUUHFWHG E\ XVLQJ VSDFH PDSSLQJ 60
%DQGOHUHWDO.R]LHODQG/HLIVVRQ
$ JHQHULF 60 DOJRULWKP .R]LHO DQG /HLIVVRQ  SURGXFHV D VHTXHQFH [L L    « RI
DSSUR[LPDWHVROXWLRQVWRKHUH[LVWKHLQLWLDOGHVLJQDV

   DUJPLQ     
[
[ V [L L+ 









Trawl-Door Shape Optimization Jonsson et al.
907

JHQHULF 60 VXUURJDWH PRGHO FDQ EH ZULWWHQ DV V[S ZKHUH S UHSUHVHQWV PRGHO SDUDPHWHUV 7KH
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7KLV VHFWLRQ GHVFULEHV WKH KLJK DQG ORZILGHOLW\ PRGHOV XVHG LQ WKLV VWXG\ :H XVH D WZR
GLPHQVLRQDOFRPSXWDWLRQDO IOXLGG\QDPLFV &)'PRGHO WRGHVFULEH WKH IORZEHKDYLRURI WKH WUDZO
GRRU$WZRGLPHQVLRQDO&)'PRGHOFDQJLYHDJRRGGHVFULSWLRQRIWKHPDLQIORZFKDUDFWHULVWLFVRI













:H XVH DQ XQVWUXFWXUHG WULDQJXODU JULG ZKHUH WKH HOHPHQWV DUH FOXVWHUHG DURXQG WKH WUDZOGRRU




RUGHU WR FDSWXUH WKH YLVFRXV ERXQGDU\ OD\HU ZHOO D SULVPDWLF LQIODWLRQ OD\HU LV H[WUXGHG IURP DOO
VXUIDFHV 7KH LQLWLDO OD\HU KHLJKW LV FKRVHQ VR WKDW \  7KHPHVK LV JHQHUDWHG ZLWK ,&(0&)'
$QH[DPSOHPHVKLVVKRZQLQ)LJVEDQGF
1XPHULFDO IOXLG IORZ VLPXODWLRQV DUH SHUIRUPHG XVLQJ WKH FRPPHUFLDO FRPSXWHU FRGH)/8(17
 7KH IORZ VROYHU LV FRXSOHG YHORFLW\SUHVVXUHEDVHG IRUPXODWLRQ 7KH VSDWLDO GLVFUHWL]DWLRQ
VFKHPHVDUHVHFRQGRUGHUIRUDOOIORZYDULDEOHVDQGWKHJUDGLHQWLQIRUPDWLRQLVIRXQGXVLQJWKH*UHHQ
*DXVVQRGHEDVHGPHWKRG$GGLWLRQDOO\ GXH WR WKH FRPSOH[ IORZFRQGLWLRQVZKLFK DUH REVHUYHG DW
KLJKDQJOHRIDWWDFNDSVHXGRWUDQVLHQWRSWLRQDQGKLJKRUGHUUHOD[DWLRQWHUPVDUHXVHGLQRUGHUWRJHW










)LJXUH  7ZRGLPHQVLRQDO &)'PRGHO D WKH VROXWLRQ GRPDLQ DQG ERXQGDU\ FRQGLWLRQV DQG DQ





)LJXUH  *ULG FRQYHUJHQFH VWXG\ XVLQJ D WZR HOHPHQW DLUIRLO VODW 1$&$  PDLQ HOHPHQW





DWVSHHG9 PV5H\QROGVQXPEHU5H îDQGDQDQJOHRIDWWDFNĮ 7KHUHVXOWV
DUH VKRZQ LQ)LJ  DQG UHYHDO WKDW DURXQGJULG HOHPHQWV DUH QHHGHG IRU FRQYHUJHQFH7KH
RYHUDOO VLPXODWLRQ WLPH QHHGHG IRU RQH KLJKILGHOLW\ &)' VLPXODWLRQ ZDV DURXQG  PLQXWHV
H[HFXWHGRQ WZR,QWHO;HRQ5;*+]SURFHVVRUV LQSDUDOOHO VROYHU LWHUDWLRQVZKHUH
UHTXLUHG
 /RZ)LGHOLW\0RGHO
7KH ORZILGHOLW\ &)' PRGHO LV WKH VDPH DV WKH KLJKILGHOLW\ RQH EXW ZLWK D FRDUVHU PHVK
GLVFUHWL]DWLRQ DQG UHOD[HG IORZ VROYHU FRQYHUJHQFH FULWHULD ,Q SDUWLFXODU EDVHG RQ WKH JULG
FRQYHUJHQFHVWXG\SUHVHQWHGLQ)LJZHVHOHFW WKHORZILGHOLW\PRGHOZLWKDERXWHOHPHQWV
7KH PD[LPXP QXPEHU RI IORZ VROYHU LWHUDWLRQV LV IL[HG  7KH UHVXOWLQJ ORZILGHOLW\ PRGHO LV
DURXQGWLPHVIDVWHURQDYHUDJHWKDQWKHKLJKILGHOLW\PRGHO
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T ZLWK UHVSHFW WR WKH PDLQ HOHPHQW FKRUG OLQH DQG WKH DQJOH RI DWWDFN D RI WKH DVVHPEO\ 7KH
VHDUFKGRPDLQLVVHWDVd[Fdd\FddTdGHJdDdGHJ7KH
LQLWLDOGHVLJQLV[F \F T GHJDQGD GHJ
 5HVXOWV
7KH RSWLPL]DWLRQ UHVXOWV DUH VKRZQ LQ 7DEOH  7KH LQLWLDO DQG RSWLPL]HG WUDZOGRRU VKDSHV DUH
VKRZQLQ)LJ7KHRSWLPL]HGGHVLJQKDV[F \F T GHJDQGD GHJ
ZLWK&O DQG&G JLYLQJDOLIWWRGUDJUDWLRRI7KH60RSWLPL]HUUHTXLUHGKLJK
ILGHOLW\ PRGHO HYDOXDWLRQV DQG  ORZILGHOLW\ RQHV \LHOGLQJ D WRWDO UXQWLPH RI DSSUR[LPDWHO\ 
KRXUV 7KH FRQYHUJHQFH KLVWRU\ LV VKRZQ LQ )LJ  ZKHUH LW FDQ EH VHHQ WKDW WKH LQLWLDO GHVLJQ LV
LQIHDVLEOH EXW WKH RSWLPL]HU TXLFNO\ DSSURDFK WKH OLIW FRQVWUDLQW YDOXH DQG ILQDOO\ FRQYHUJHV RQ WKH
REMHFWLYH YDOXH FKDQJH &RPSDUHG ZLWK RXU SUHYLRXV VWXG\ RI WKLV SDUWLFXODU SUREOHP XVLQJ ORFDO
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$ FRPSXWDWLRQDOO\ HIILFLHQW RSWLPL]DWLRQ PHWKRGRORJ\ IRU WKH K\GURG\QDPLF GHVLJQ RI PXOWL
HOHPHQWWUDZOGRRUVKDSHVXVLQJKLJKILGHOLW\WZRGLPHQVLRQDO&)'PRGHOVKDVEHHQSUHVHQWHG2XU
DSSURDFK H[SORLWV YDULDEOHILGHOLW\ PRGHOV DQG VSDFH PDSSLQJ IRU ORZILGHOLW\ PRGHO FRUUHFWLRQ
1XPHULFDOGHVLJQVWXGLHVRIPXOWLHOHPHQWWUDZOGRRUVKDSHVLOOXVWUDWHWKDWVDWLVIDFWRU\GHVLJQVFDQEH
REWDLQHGDWWKHFRVWRIDIHZLWHUDWLRQVRIWKHDOJRULWKP



















































































'\QDPLF $QDO\VLV DQG 6KDSH 2SWLPL]DWLRQ RI 7UDZO'RRUV VW $,$$ $HURVSDFH 6FLHQFHV 0HHWLQJ
LQFOXGLQJWKH1HZ+RUL]RQV)RUXPDQG$HURVSDFH([SRVLWLRQ*UDSHYLQH7H[DV-DQXDU\
.R]LHO6(FKHYHUUD&LDXUUL'DQG/HLIVVRQ/6XUURJDWHEDVHGPHWKRGV,Q6.R]LHODQG
;6 <DQJ (GV &RPSXWDWLRQDO 2SWLPL]DWLRQ 0HWKRGV DQG $OJRULWKPV 6HULHV 6WXGLHV LQ
&RPSXWDWLRQDO,QWHOOLJHQFH6SULQJHU9HUODJSS
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